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derstanding	of	snake	ecology	and	 foraging	models	 for	species	 that	consume	 large	
prey.
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1  | INTRODUC TION
Empirical	 documentation	 of	 the	 postfeeding	 behaviors	 of	 snakes	
from	field	experiments	 is	extremely	sparse.	We	know	of	only	 two	
such	 studies:	 desert	 rattlesnakes	 (Crotalus	 spp.;	 Beck,	 1996)	 and	













age,	 size,	 sex,	 and	 reproductive	 state),	 and	 physiological	 factors	
(sensory,	 morphological,	 and	 behavioral	 characteristics)	 (after	
Perry	 &	 Pianka,	 1997;	 Vitt	 &	 Pianka,	 2007).	 The	 frequency,	 du-
ration,	 and	 distance	 of	 foraging	movements	 are	 associated	with	
two	broadly	recognized	foraging	modes	of	reptiles.	Some	reptiles	
are	 sit-and-wait	 predators,	 or	 ambush	predators,	 	 that	 invest	 lit-
tle	time	and	energy	into	searching	for	prey,	remaining	stationary	
and	attacking	mobile	prey,	and	tend	to	be	characterized	by	a	short	














Pough,	 1983;	 Shine,	 1986).	 Some	 snakes	 routinely	 ingest	 meals	
20%–60%	of	their	own	body	mass,	and	a	few	can	take	meals	of	even	









upon	 finding	 a	 resting	 site	 that	 provides	 the	 appropriate	microcli-
mate	for	digestion	and	shelter	from	predators.





























Organisms	 need	 to	 balance	 foraging	 and	 feeding	 with	 predator	
avoidance,	and	the	risk	of	predation	is	important	in	altering	behav-
ior	of	foragers	(Sih,	1980).	Taking	large	prey	increases	predation	risk	






Camouflage,	 immobility,	 sheltering	 in	 refugia,	 or	 a	 combination,	



















these	 locomotor	 hindrances.	 In	 the	 laboratory	 experiments,	 feed-
ing	 of	meals	 up	 to	 50%	 relative	 prey	mass	 (hereafter,	 “RPM”)	 has	
resulted	in	decreases	in	sprint	speed,	average	speed,	and	endurance	







1976).	 Impediments	 to	 locomotion	 imposed	 by	 burdensome	 gut	












Appropriate	 antipredator	 behavior	 may	 be	 contingent	 on	 internal	





(ibid.)	 reported	 that	 10-	week-	old	 gartersnakes	 (T. sirtalis)	 fed	 four	
hours	previously	were	more	 likely	 to	 strike	a	 threatening	 stimulus	





Metabolic	 and	 cardiovascular	 demand,	 locomotor	 impairment,	
and	predation	risk	effects	of	large	meals	may	be	even	more	conse-
quential	for	arboreal	snakes	that	typically	have	an	attenuated	body	
form	 as	 an	 adaptation	 for	 arboreal	 locomotion	 (Feldman	 &	Meiri,	
2013;	 Lillywhite	 &	 Henderson,	 1993;	 Pizzatto,	 Almeida-	Santos,	
&	Shine,	2007).	Meals	 that	alter	 the	mass	and	balance	of	arboreal	















Native	 to	 Papua	New	Guinea,	 the	 Solomon	 Islands,	 Indonesia,	




McCoid,	&	Campbell,	 1999;	Rodda	&	 Savidge,	 2007).	 From	a	 pre-
sumably	very	small	number	of	founders	(Richmond,	Wood,	Stanford,	
&	Fisher,	2015),	the	invasion	front	engulfed	all	of	Guam’s	terrestrial	
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Much	of	 the	damage	 caused	by	brown	 treesnakes	 stems	 from	
their	 climbing	 and	 feeding	 behaviors.	 They	 shift	 between	 various	
modes	 of	 locomotion	 depending	 on	 the	 nature	 of	 the	 substrate	
(Chiszar,	 1990)	 and	 have	 exceptional	 gap-	bridging	 abilities	 (Jayne,	
Lehmkuhl,	&	Riley,	2014).	Their	inclination	to	forage	on	power	trans-
mission	 lines	 has	 led	 to	 power	outages,	 estimated	 to	 have	 cost	 in	
excess	of	$4.5	M	per	year	over	a	7-	year	period	(Fritts,	2002).
The	brown	treesnake	is	a	generalist	predator	that	consumes	all	
life	 stages	of	 vertebrate	prey	 including	 eggs,	 juveniles,	 and	 adults	
(Rodda,	 Fritts,	 et	al.,	 1999)	 and	 kills	 by	 constriction	 as	well	 as	 en-
venomation	 (Rochelle	&	Kardong,	1993;	Shine	&	Schwaner,	1985).	










treesnake	 is	 flexible	 in	predatory	behavior,	 ability	 to	 subdue	 large	










or	 targetability;	 that	 is,	 given	 a	 quantified	 level	 of	 effort,	 what	 is	
the	probability	of	detecting,	capturing,	or	killing	an	individual	snake	
within	 the	 activity	 area?	Effectiveness	of	 visual	 surveys,	 trapping,	
and	toxic	bait	 tools	 for	brown	treesnake	control	has	been	demon-
strated	to	be	influenced	by	internal	factors	(sex,	size,	and	body	con-
dition)	 and	 external	 factors	 (availability	 of	 alternative	 prey;	Gragg	






1999;	Siers,	Reed,	&	Savidge,	2016;	Christy	et	al.,	 2017).	 If	 brown	
treesnakes	decrease	movement	and	foraging	during	digestion,	 this	
will	have	implications	for	the	effectiveness	of	various	control	tools	






observational	 data	 from	 natural	 and	 seminatural	 environments	
(e.g.,	 Luiselli	 &	 Agrimi,	 1991;	 Phelps,	 2002;	 Saint-	Girons,	 1979);	
however,	 little	work	has	been	dedicated	to	assessing	the	effects	
of	 large	meals	on	postfeeding	behavior	of	snakes	 in	field	experi-
ments.	 In	addition	 to	 increasing	our	understanding	of	 snake	 for-
aging	 behavior,	 knowledge	 of	 invasive	 brown	 treesnake	 activity	
is	important	for	predicting	the	effectiveness	of	control	programs.	
We	 hypothesized	 that	 brown	 treesnakes	 that	 had	 recently	 in-
gested	large	prey	items	would	exhibit	reduced	movement	behav-














treesnake	 study	 enclosure	 on	 Northwest	 Field	 of	 Andersen	 Air	
Force	Base,	Guam.	This	5-	ha	parcel	of	 limestone	 forest	and	sec-
ondary	forest	is	surrounded	by	a	two-	way	snake	barrier,	comprised	










tionary	 data	 logger;	 (c)	 snakes	 within	 the	 population	 were	 enu-
merated	 and	 individually	 identified	 with	 PIT	 tags,	 with	 running	
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histories	of	captures	and	vital	rates;	and	(d)	a	concurrent	trapping	
and	 visual	 survey	 study	 allowed	 the	 evaluation	 of	 effects	 of	 re-
cent	feeding	on	detectability	with	these	typical	survey	and	control	
techniques.	Based	on	capture	records	for	the	preceding	year,	we	





tured	 by	 trapping	 (double-	funnel	 wire	 mesh	 trap;	 Rodda,	 Fritts,	
Clark,	Gotte,	&	Chiszar,	1999;	Tyrell	et	al.,	2009)	or	visual	detection	
and	hand	capture	 (using	gloves,	 snake	hooks,	 and	 tongs	as	neces-
sary;	 Christy	 et	al.,	 2010).	 Upon	 capture,	 current	 morphometric	
information	was	recorded:	Snout-	vent	length	(SVL;	mm)	was	meas-












with	 a	 textured	 rubber	 floor	 (for	 locomotor	 purchase	 and	 ease	 of	







risk	 of	 asphyxiation).	 A	 2.8-	g	 tip-	sensitive	 VHF	 radio	 transmitter	
(Model	PD-	2P,	Holohil	Systems	Ltd.,	Carp,	Ontario)	was	 implanted	
in	the	rodent’s	body	cavity.	External	wire	transmitter	antennae	were	



































models	 with	 response	 variable	 distribution	 families	 (normal,	 lo-
gistic,	 or	 negative	 binomial)	 as	 applicable.	 Where	 appropriate,	
statistical	 models	 considered	 or	 controlled	 for	 the	 influence	 of	
individual	snake	characteristics:	sex	[SEX],	size	(snout-	vent	length	
[SVL]	and	its	quadratic	form	[SVL2]),	and	body	condition	(with	con-










terms	 were	 considered	 in	 an	 AICc	 multimodel	 inference	 frame-
work	 (Burnham	&	Anderson,	 2002),	 with	 sums	 of	weights	 of	 all	
models	containing	a	particular	(ith)	term	(Σwi)	interpreted	as	rela-
tive	variable	importance.	Model	sets	were	constrained	to	include	
all	 lower	order	main	effects	 (when	evaluating	quadratic	or	 inter-
action	 terms)	 and	 other	 terms	 structurally	 implicit	 to	 the	model	
(i.e.,	 random	 effect	 and	 autoregression	 terms).	 Models	 within	 2	
AICc	units	of	the	top	model	were	considered	plausible	alternative	
models.	 Significance	 of	 the	 main	 effect	 [MEAL]	 was	 also	 inves-
tigated	by	 a	 likelihood	 ratio	 test	 (ANOVA	comparison	of	models	
with	and	without	the	term).	Because	standard	methods	have	not	
been	 developed	 for	 predictions	 from	models	 containing	 random	
terms,	analogous	fixed-	effects	models	were	used	to	evaluate	and	
plot	effect	 sizes;	however,	 all	 reported	p-	values	and	AICc	 values	
are	based	on	mixed-	effects	model	results.	Statistical	significance	
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was	 set	 at	α	=	0.05.	 Time	 intervals	 are	 reported	 rounded	 to	 the	
whole	hour	for	simplicity;	for	example,	a	reported	time	interval	of	
“1800–1900,”	 or	 simply	 “1800,”	 actually	 represents	 the	 interval	
1800.000	to	1859.999.
2.4 | Real- time logging of hourly activity patterns
Frequency	 of	 small-	scale	 movements	 was	 continually	 moni-
tored	 through	 transmitter	 pulses	 recorded	 by	 a	 TR-	5	 Telemetry	









lowing	 the	 release	of	each	snake,	except	during	periods	when	 the	
receiver	 was	 being	 reprogrammed	 to	 add	 or	 delete	 frequencies.	
Because	 field	 activities,	 which	 generally	 occurred	 between	 1000	
and	1200	hr	on	each	day,	could	have	influenced	the	activity	of	rest-
ing	 nocturnal	 snakes,	 data	 are	 only	 reported	 from	1200	 each	day	
until	 1000	 the	 following	 day	 (22	hr	 per	 day).	 Some	 field	 activities	
occurred	outside	of	these	hours,	but	such	activities	were	conducted	
so	as	 to	minimize	disturbance	 to	 snakes	 carrying	 transmitters	 and	
reduce	 unintentional	 effects	 on	 movement	 data.	 For	 example,	
technicians	 conducting	 nighttime	 visual	 surveys	 (see	 below)	 were	
equipped	with	 lists	of	 snakes	under	study;	where	possible,	 snakes	
were	 scanned	 for	 PIT	 tag	 identification	 prior	 to	 capture	 and	 left	






















where β1yt-1	 is	 represented	 with	 the	 “AR1”	 term.	 Only	 y-	values	
where	both	yt	and	yt-1	met	quality	control	standards	were	used,	and	
data	from	y1200–1300	were	used	only	as	the	AR1	value	for	y1300–1400. 









































































































































Snake ID: 0A140A4B20          Day: 6          Date: 19−20 Feb 2015 
(a)
(b)
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We	 recorded	 the	 general	 geographic	 locations	 of	 daytime	 refugia	
within	 the	snake	enclosure	on	a	daily	basis	by	homing	to	 the	VHF	




global	 positioning	 system	 (GPS)	 units.	 The	 Euclidean	 distance	 be-
tween	successive	daily	refugia	locations	was	calculated	as	the	daily	
relocation	 distance,	 a	 standard	 daily	 movement	 metric	 of	 brown	
treesnake	 telemetry	 studies	 (e.g.,	 Anderson	 et	al.,	 2005;	 Christy	





sure.	 The	 enclosure	was	 diamond-	shaped	with	 four	 sides	measur-
ing	220	m	each;	the	maximum	interior	dimensions	were	278	m	and	









snake	 ID	as	a	 random	effect.	Post hoc	 observations	 indicated	 that	








referred	 to	 as	 “screw	 palms,”	 palm-	like	 trees,	 with	 spaces	 among	
blade-	like	 axils	 often	 used	 as	 refugia	 by	 brown	 treesnakes;	 Tobin	
et	al.,	 1999;	 Hetherington,	 Coupe,	 Perry,	 Anderson,	 &	 Williams,	
2008),	 Flagellaria indica	 (a	 woody	 vine,	 often	 forming	 dense	 clus-







snakes	 was	 tested	 by	 mixed-	effects	 linear	 regression,	 and	 differ-
ences	 in	use	of	 each	 refuge	 type	were	 investigated	with	 separate	
mixed-	effects	logistic	regressions.
2.7 | Detectability by trapping and visual survey




were	 provisioned	 with	 paraffinized	 feed	 blocks	 and	 fresh	 potato	
for	food	and	moisture.	Traps	also	contained	a	length	of	plastic	pipe	
to	provide	a	 refugium	for	 trapped	snakes;	 this	 reduces	 the	 rate	of	
trap	escapes	(see	Rodda,	Fritts,	et	al.,	1999).	A	13	×	13	grid	of	traps	
was	established	at	16-	m	spacing	 throughout	 the	entire	study	area	





























distributions,	and	body	conditions	of	 snakes	 in	 study	groups	were	
similar	 (Table	1).	 Because	most	 brown	 treesnakes	 tend	 to	become	
reproductively	mature	between	910	and	1,025	mm	SVL	(females)	or	














fects	 of	 treatment	 and	 snake	 characteristics,	 the	MEAL	 term	was	
included	 in	 models	 carrying	 100%	 of	 the	 summed	 model	 weight	
(ΣwMEAL	=	1.00).	The	AR1	autoregression	term	was	highly	significant	
(p ≪	0.001)	 in	 all	 models,	 confirming	 temporal	 correlation	 of	 tip-
ping	counts.	The	top	model	included	additional	effects	of	snake	size	
(ΣwSVL	=	1.00	 and	ΣwSVL2 =0.61)	 and	 body	 condition	 (ΣwCI	=	0.61),	
although	p-	values	for	these	terms	were	only	marginally	significant	or	














MEAL	with	hour	 [HOUR],	 trial	day	 [DAY],	classification	of	hours	 into	
daytime	 (0700–1800)	 or	 nighttime	 (1800–0700)	 [term	 “DIEL”],	 and	









classification	 [“GROUP”]	 was	 generated	 based	 on	 the	 observed	
differences	among	days	in	activity	levels	for	the	treatment	group	
and	lack	of	difference	among	days	for	the	control	group;	categor-
ical	 predictor	 levels	were	 generated	 for	 treatment	 group	Day	1,	
treatment	group	Days	2	and	3,	4	and	5,	and	6	and	7	 (pooled),	as	
well	as	one	level	for	all	control	group	days	pooled.	Predictions	from	
a	 fixed-	effects	 negative	 binomial	 model	 with	 a	 GROUP*HOUR	
interaction	 term	demonstrated	depressed	hourly	activity	 for	 the	







Snout- vent length (SVL; mm) 
Mean ± SD (Range)
Body condition index (CI) 
Mean ± SD (Range)
Treatment	(fed	large	meal) 27:21 1059	±	110	(808–1256) −0.024	±	0.121	(−0.269	to	0.212)












































































Treatment group (snakes fed large meals)
Control group (snakes fed only transmitters)
Tips/h (x)
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A	 simplified	 fixed-effects	 model	 compared	 mean	 hourly	 tipping	
rates	 during	 hours	 of	 darkness	 (1800–0700)	 for	 treatment	 snakes	
against	 rates	 for	unfed	 control	 snakes	 (with	 all	 nights	pooled	 into	 a	
single	estimate).	This	showed	significantly	lower	activity	rates	for	fed	
snakes	on	all	nights	but	the	sixth,	with	a	trend	toward	greater	move-
ment	 at	 the	 end	 of	 the	 observation	 period	 (Nights	 1–5,	 p	≪0.001; 
Night	6,	p	=	0.498;	Night	7,	p	=	0.035;	Figure	5).
Official	 sunset	 ranged	 from	1814	at	 the	beginning	of	 field	 trials	





During	 this	 study,	 we	 recorded	 628	 daily	 relocation	 distances	
(303	by	treatment	group	snakes	and	325	by	control	group	snakes).	
Mixed-	effects	 linear	 regression	 on	 log-	transformed	 daily	 reloca-
tion	distances	 failed	 to	demonstrate	an	 influence	of	 feeding	sta-
tus	on	daily	relocation	distance.	The	top	model	(DAY	+	CI	+	SEX),	




(with	 males	 moving	 greater	 distances,	 p	<	0.001,	 ΣwSEX	=	0.91),	
and	 body	 condition	 (higher	 condition	 snakes	 moving	 further,	
p	=	0.019,	 ΣwCI = 0.82). Post hoc	 model	 predictions	 from	 fixed-	
effects	 models	 considering	 only	 SEX	 or	 CI	 effects	 (assuming	 all	
other	 factors	at	mean	values)	 indicated	only	modest	effect	sizes:	
Males	 moved	 4.13	m	 per	 day	 more	 than	 females;	 snakes	 at	 the	
90th	percentile	of	body	condition	moved	2.92	m	more	than	snakes	
in	 the	 10th	 percentile	 (poorer	 body	 condition).	 The	MEAL	 term	




(p	=	0.484).	The	mean	 daily	 relocation	 distance	 for	 both	 the	 fed	
and	 unfed	 treatment	 groups	 on	 the	 day	 of	 release	 (Day	 1)	 was	







































































Fed (Days 2 & 3)
Fed (Days 4 & 5)




















































lower	 than	 the	 highest	 ranking	 model	 without	 a	 MEAL	 effect.	
There	was	a	negative	effect	of	snake	size	(SVL)	on	refugium	height	
(larger	 snakes	were	more	 likely	 to	 take	 refuge	 at	 lower	 heights,	
top	model	p	=	0.001,	ΣwSVL	=	0.97).	Only	MEAL	and	SVL	were	in-
cluded	 in	 the	 top	model,	which	carried	37.5%	of	model	weights.	
Two	 plausible	models	within	 2	AICc	 units	 of	 the	 top	model	 also	
carried	CI	or	SEX	terms.	The	top	model	including	CI	carried	19.4%	
of	model	weights	 and	ΣwCI	=	0.36;	 the	 effect	 of	CI	was	 positive	
(snakes	in	better	body	condition	were	more	likely	to	have	higher	
refugia),	 but	 the	 effect	 was	 nonsignificant	 (p	=	0.131).	 The	 ef-

















52	 nights	 of	 visual	 surveys	 searching	 one-	third	 of	 the	 study	 plot	









In	 models	 containing	 combinations	 of	 terms	 for	 treatment	
group,	 capture	 effort	 type	 (trap	 vs.	 visual),	 and	 snake	 characteris-
tics,	 feeding	status	was	the	most	 important	predictor	of	detection	
(ΣwMEAL	=	1.00).	MEAL	was	highly	significant	in	all	models	carrying	




in	 variable	 importance	 (ΣwEFFORT	=	0.90).	 Snout-	vent	 length	 was	









Our	 results	 indicate	 that	 the	 recent	 feeding	of	 large	meals	 signifi-
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Refuge MEAL SEX CI SVL SVL2 ∆ AICc ΣwMEAL ANOVA
Dead	woody	vegetation +(**) — — —
Flagellaria	(vines) M-	(.) −(***) +(NS) −	(*) — — —
Tree	(various	broadleaf) Y+(*) +(NS) 1.45 0.70 (.)
Pandanus	(screw	palm) Y+(*) +(.) −	(NS) +(*) 3.41 0.78 (*)
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Surprisingly,	while	 snakes	 fed	 large	meals	 showed	 significantly	
less	 activity	 than	 unfed	 snakes	 overall,	 they	 exhibited	 a	 spike	 in	
activity	at	 sunset	 (1700–1900)	approaching	 the	magnitude	of	 that	
shown	by	unfed	snakes	(Figure	4).	However,	this	surge	in	activity	was	

























displacement	 distances	 were	 three	 times	 longer	 before	 midnight	
than	after.
4.2 | Daily relocation distance
Beck	 (1996)	 found	 that	 fed	 rattlesnakes	 (Crotalus	 spp.)	moved	 less	
(8.5	m/d)	 than	unfed	 (28.5	m/d;	 t	 test	p	=	0.06),	with	 exception	of	
one Crotalus tigris	that	traveled	290	m	to	an	overwintering	outcrop	
during	 the	 nine	 days	 after	 it	 fed	 (this	 snake	had	 eaten	 the	 lowest	
RPM	 of	 the	 treatment	 group).	 Conversely,	 Blouin-	Demers	 and	






We	 hypothesized	 that	 brown	 treesnakes	 receiving	 large	meals	
would	move	less	than	unfed	snakes,	due	to	a	postprandial	increase	
in	demand	to	evade	predators	during	 this	period	of	 increased	vul-
nerability	 and	 metabolic	 commitment	 to	 digestion;	 however,	 we	




manipulated	 (including	 release	 during	 the	 daytime	when	 they	 are	
not	normally	active).	Because	of	strongly	skewed	distributions,	the	
means	of	untransformed	daily	 relocation	distance	values	 are	poor	
descriptors	 of	movement	 patterns;	 however,	 for	 the	 sake	of	 com-
parison	 to	 other	 data	 sets,	 we	 report	 a	mean	 relocation	 distance	
of	 17.8	m	 for	 all	 days	 after	 the	 date	 of	 capture	 and	 release	 (me-
dian	=	8.5,	 range	=	0–207,	 25%	 and	 75%	 quartiles	=	3.6	 and	 26.1).	



























The	study	of	 thermal	biology	 is	crucial	 to	understanding	many	as-
pects	 of	 snake	 ecology	 (Peterson	 et	al.,	 1993),	 and	 thermal	 envi-
ronment	 is	 probably	 the	 single	most	 proximate	 factor	 influencing	
habitat	use	by	 terrestrial	 reptiles	 (Blouin-	Demers	&	Weatherhead,	
2001).	Most	of	the	attention	to	postfeeding	microhabitat	selection	
by	 snakes	has	been	 regarding	postprandial	 thermophily	 (PPT):	be-
havioral	 thermoregulation	 in	which	 an	 ectotherm	 seeks	 a	 thermal	
environment	allowing	an	 increase	 in	body	temperature	(Tb)	 into	an	
optimal	 range	 for	 digestion	 and	metabolism.	 Snakes	 benefit	 from	





(Beck,	 1996;	 Blouin-	Demers	 &	 Weatherhead,	 2001;	 Hammerson,	
1989;	Reinert,	1993).	Although	the	benefits	of	PPT	are	expected	to	
be	greater	for	snake	species	that	feed	less	frequently	and	on	larger	
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prey	than	brown	treesnakes,	even	frequently	feeding	arboreal	green	
snakes	(Opheodrys aestivus)	have	been	demonstrated	to	increase	Tb 
above	 fasting	 levels	 after	 a	 small	meal	 (Touzeau	&	 Sievert,	 1993);	
these	authors	concluded	that	elevation	of	Tb	several	degrees	above	







Thermoregulation	 is	 poorly	 studied	 in	 tropical	 or	 nocturnal	
snakes,	but	Anderson	et	al.	(2005)	observed	that	brown	treesnakes	




their	 only	 observations	 of	 basking	 behavior.	 All	 observed	 basking	
behaviors	were	 limited	to	sightings	of	exposed	 loops	of	coils	posi-
tioned	outside	of	 the	confines	of	 refuge	sites,	 in	direct	sunlight	 in	
the	afternoon	on	sunny	days.	Although	it	has	been	suggested	that	
behavioral	thermoregulation	may	be	unnecessary	in	stable	tropical	
climates	 (Shine	&	Madsen,	 1996),	Andersen	 et	al.	 (ibid.) concluded 
that	brown	treesnakes	do	actively	thermoregulate.
Forest	 habitats	 reduce	 basking	 opportunity	 for	 snakes,	 except	
closer	to	the	canopy	where	more	direct	solar	radiation	 is	available	
(Lillywhite	&	Henderson,	 1993),	 and	 canopy	 crowns	 offer	 a	wider	
range	of	temperatures	due	to	solar	radiation	during	the	day	and	ra-
diative	 cooling	 at	 night	 (Aoki,	Yabuki,	&	Koyama,	1975).	 The	need	
for	 direct	 solar	 radiation	 to	 achieve	 an	 elevated	Tb	 in	Guam’s	 for-











hours	 for	 the	 remainder	of	 the	night	or	 in	 response	 to	changes	 in	
temperature,	humidity,	or	air	movement	between	day	and	night.
Hetherington	et	al.	 (2008)	 found	 that	brown	 treesnakes	 in	 the	
same	general	 vicinity	 as	our	 study	population	 (Northwest	Field	of	
Andersen	Air	Force	Base)	used	Pandanus	crowns	for	refugia	far	out	
of	proportion	to	their	availability	(3.6%	of	available	cover,	but	70%	





of	 precipitation	 in	 axils	 of	 crowns	 allowing	maintenance	 of	 water	
balance	(water	conservation	being	an	important	selective	pressure	
for	arboreal	snakes;	Lillywhite	&	Henderson,	1993).
Costs	 of	 avoiding	 predation	 can	 comprise	 much	 of	 an	 active	
feeder’s	 foraging	 costs;	 small	 changes	 in	 habitat	 or	 microhabitat	
can	lead	to	large	changes	in	exposure	to	predation	(Brown	&	Kotler,	
2004).	 Lillywhite	 and	 Henderson	 (1993)	 suggested	 that	 arboreal	
snakes	may	be	more	susceptible	to	predation.	With	canopy	offering	
less	 shelter	 than	burrows	or	 crevices,	 brown	 treesnakes	 are	often	
found	completely	hidden	and	protected	in	a	variety	of	elevated	mi-














postprandial	 crypsis	 is	particularly	 troublesome	when	contemplat-
ing	the	potential	for	accidental	introduction	of	brown	treesnakes	to	









Previous	 detectability	 studies	 in	 this	 same	 closed	 population	









approaching	 traps	are	more	visible	 to	 searchers,	 and	a	 snake	cap-
tured	before	reaching	the	trap	is	not	likely	to	enter	that	trap	on	the	
same	night.	However,	fed	and	unfed	snakes	were	treated	the	same	
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4.5 | Submergent behavior













pythons,	 O2	 consumption	 can	 equal	 that	 of	 a	 sprinting	 mammal,	







Large	 meals	 have	 been	 documented	 to	 have	 negative	 effects	




smooth	 24-	mm-	diameter	 cylindrical	 rod,	 which	 all	 unfed	 snakes	
were	 able	 to	 climb.	 Sprint	 speeds	were	 reduced	by	 approximately	
50%	after	taking	meals	12%	and	21%	RPM.	Crotty	and	Jayne	(ibid.) 












active	 foragers	 have	 higher	 rates	 of	 encounters	 with	 predators	







predation	 pressure	 has	 likely	 been	 relaxed	 on	 Guam’s	 brown	
treesnakes,	the	relatively	short	time	span	over	which	this	population	
has	been	 isolated	may	not	have	been	sufficiently	 long	 to	 induce	a	















4.6 | Brown treesnake digestion, meal size, and 
feeding frequency
Jackson	 &	 Perry’s	 description	 of	 digestion	 by	 brown	 treesnakes	
(2000)	provided	the	first	detailed	account	of	morphological	diges-



















for	 C. cerastes	 (Jackson	 &	 Perry,	 2000;	 Secor,	 Stein,	 &	 Diamond,	
1994).	At	least	in	some	cases,	prey	mass	has	relatively	little	effect	on	
duration	of	digestion	(e.g.,	Vipera aspis,	Naulleau,	1983).
Ingestion	 of	 a	 large	meal	 appears	 to	 constitute	 a	 commitment	
to	 a	 prolonged	 period	 of	 energetic	 expenditure	 and	 vulnerability	
due	to	reduced	locomotor	performance.	Brown	treesnakes	require	
more	time	to	kill	larger	prey	(Chiszar,	1990).	Rodda	(1992)	reported	
observing	 a	 1.2-	m	 brown	 treesnake	 on	 a	 power	 line	 crossbeam	
seizing	 a	 sleeping	 pigeon	 or	 dove	 by	 the	 head	 (a	 large	 prey	 item,	
relative	 to	 the	 snake);	 the	bird	 fell	 from	beam	and	 the	 snake	held	
on,	 suspended	 from	 the	beam,	 for	22	min	before	pulling	back	 the	
dead	bird	and	 taking	120	min	 to	swallow	 it.	This	 likely	constitutes	
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a	significant	expenditure	of	energy	and	an	extended	period	of	vul-




Based	 on	 stomach	 contents	 from	museum	 specimens,	 Greene	


















tection	bias	against	 recently	 fed	snakes.	However,	Siers	 (ibid.)	also	
observed	that	stomach	contents	from	urban	and	savanna	snakes	in-
cluded	more	 large,	nonnative	prey	 (commensal	birds	and	 rodents),	
suggesting	that,	in	most	forested	habitats	where	larger	native	prey	




tat	 selection	 following	 ingestion	 of	 large	meals.	 Activity	 effects	
last	 approximately	 5–7	days,	 a	 period	 consistent	 with	 digestion	
(Jackson	 &	 Perry,	 2000)	 and	 previously	 observed	 cycles	 in	 de-
tectability	 (Christy	 et	al.,	 2010;	 Tyrell	 et	al.,	 2009).	 The	 drastic	
difference	 in	detectability	by	 trapping	 and/or	 visual	 surveys	un-
derscores	 the	 importance	 of	 preventing	 accidental	 introduction	
of	 brown	 treesnakes	 to	 other	 islands	 (e.g.,	 Saipan,	 Rota,	 Tinian,	
Hawaii)	 where	 large	 prey	 are	 abundant.	 Decreased	 activity	 and	
response	to	the	 lures	and	baits	associated	with	brown	treesnake	
control	 tools	 (Clark,	 Savarie,	 Shivik,	 Breck,	 &	 Dorr,	 2012;	 Clark	
et	al.,	2018;	Siers	et	al.,	 in	press)	 following	 feeding	on	 large	prey	
items	will	make	eradication	of	a	new	incipient	population	an	even	
more	daunting	prospect.	Strategies	for	increasing	detectability	of	








five-	 to	 seven-	day	 period	 during	which	 recently	 fed	 snakes	may	
not	be	foraging.
With	respect	 to	fundamental	 research	on	animal	biology,	be-
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